We evaluated levels of procalcitonin and proinflammatory markers in patients with polycystic ovary syndrome and compared them with controls in the Black Sea region of Turkey.
Introduction
Polycystic ovary syndrome (PCOS) is, in fact, a heterogeneous collection of symptoms and signs. They form a disorder with a spectrum that ranges from causing severe reproductive disturbances in some women to affecting endocrine and metabolic function in others. It is the most common endocrine disorder, affecting 5-10% of younger women (1) . While there are many extra-ovarian aspects to the pathophysiology of PCOS, ovarian dysfunction is central.
At a joint European Society of Human Reproduction and Embryology/American Society for Reproductive Medicine (ESHRE/ASRM) consensus meeting, a refined definition for PCOS was agreed upon. Two of the following three criteria are required to make the diagnosis: oligomenorrhea and/or oligo/anovulation, hyperandrogenism (clinical and/or biochemical, with exclusion of other etiologies such as congenital adrenal hyperplasia, androgen-secreting tumors, Cushing syndrome), and polycystic ovaries (The Rotterdam ESHRE/ASRM-sponsored PCOS consensus workshop group, 2004) (2) . There have been many studies demonstrating the presence of insulin resistance and corresponding hyperinsulinemia in both obese and non-obese women with PCOS (3).
Obesity and metabolic abnormalities are recognized risk factors for the development of cardiovascular disease in the general population, and these are also recognized features of PCOS (3) . The basis for the idea that women with PCOS are at greater risk of cardiovascular disease is that these women are more insulin resistant than weight-matched controls, and that metabolic disturbances associated with insulin resistance increase cardiovascular risk in other population groups. Moreover, in patients with PCOS, circulating levels of many proinflammatory markers related to cardiovascular disease, such as TNF α, IL 6, h-CRP, homocysteine, white blood cell (WBC) counts, and neutrophil counts, are increased compared to age-and/or body mass index (BMI)-matched controls (4-7).
Procalcitonin (PCT) is a 116-amino-acid polypeptide that is the precursor of calcitonin. It is produced not only by neuroendocrine cells of the thyroid gland and K-cells of the lung, but also by several other cell types and in many organs in response to proinflammatory stimuli (8) . Serum PCT levels are very low or undetectable in the healthy state because most PCT is processed into calcitonin intracellularly in the Golgi apparatus (9) . Recently, elevated plasma PCT levels in the normal range have been associated with measures of obesity, insulin resistance, and other metabolic syndromes (10) . It has also been shown that adipose tissue is capable of both expressing and secreting PCT (11, 12) . These findings suggest that procalcitonin might be a useful marker for obesity-related low-grade inflammation and PCOS.
Although many studies support an increased cardiovascular risk in women with PCOS, some have found no correlation and the evidence is still limited. Indeed, it remains unclear whether all women with PCOS are at risk for cardiovascular diseases. Thus, in this study, we examined the levels of serum PCT and other proinflammatory markers in women with PCOS in the Black Sea region of Turkey.
Material and Method
This was a prospective controlled study performed between January 2012 and 2013 in the Obstetrics and Gynecology department of Rize Government Hospital, Turkey. The study involved women with PCOS (n = 59) and healthy women (n = 26; total, n = 85). The diagnosis of PCOS was made using the Rotterdam criteria, 2004 (2) . At least two of the following three criteria needed to be present: oligomenorrhea and/or oligo/anovulation, hyperandrogenism (clinical and/or biochemical), and polycystic ovaries. The control group consisted of women with regular menstrual cycles, normal serum biochemical parameters, and no clinical sign of hyperandrogenism (biochemical or clinical). The control and PCOS groups were matched for age and BMI. The study was approved by the Ethical Committee of Recep Tayyip Erdogan University. Informed consent was obtained from all of the women who participated. We assessed clinical and anthropometric variables, including blood pressure and BMI in all of the participants. BMI was defined as the body mass divided by the square of the body height and is expressed in kg/m 2 . The PCOS patients were sub grouped according to BMI as overweight (BMI ≥ 25 kg/m 2 ) or normal weight (BMI < 25 kg/m 2 ) patients. The Ferriman-Galwey score was used to evaluate hirsutism. A score ≥ 8 is considered indicative of excess androgen (13) .
Exclusion criteria
Patients with congenital adrenal hyperplasia, Cushing's syndrome, androgen-secreting tumors, hyperprolactinemia, and liver, kidney, and thyroid diseases were excluded by biochemical testing. In addition, patients with a known history of hypertension, hyperlipidemia, or diabetes were not included. Smokers, regular intense exercise performers, and patients who had received hormone therapy in the previous 6 months were also excluded.
Biochemical measurements
Fasting serum insulin, glucose, FSH, LH, estradiol, total testosterone, free testosterone, sex hormone binding globulin (SHBG), 17-hydroxyprogesterone, dehydroepioandrostenedione sulfate (DHEAS), total cholesterol, h-CRP, Hcy, triglyceride, HDL, LDL, procalcitonin, and WBCs were measured in all of the women. Blood samples were drawn from all of the subjects during the early follicular phase of the menstrual cycle after an overnight fast. Fasting blood glucose was measured using the glucose oxidase method (Cobas Integra 400 Plus, Roche Diagnostics, Germany). We measured fasting serum insulin, total testosterone, estradiol, FSH, LH, and DHEAS concentrations using an electro-chemiluminescence method (Elecys 2010 Hitachi, Roche Diagnostics). Serumfree testosterone and 17-hydroxyprogesterone levels were measured using a high sensitivity enzyme-linked immunosorbent assay (ELISA).
Venous blood samples were centrifuged (4000 g, 10 s) and plasma was stored at 80°C until PCT analysis. PCT was measured with an ultrasensitive immunoassay using time-resolved amplified cryptate emission (TRACE) technology (Kryptor; Brahms). This assay measures concentrations between 0.02 and 5000 ng/mL (0.02-50 ng/mL directly and up to 5000 ng/mL after sample dilution). The detection limit calculated using the imprecision profile was assessed at 0.019 ng/mL with a 95% probability. The functional assay sensitivity, defined as the lowest analyte concentration that could be determined with an inter assay coefficient of variation <20, was assessed at 0.06 ng/mL with a 95% probability. Homocysteine levels were measured using the chemiluminescence method (Immulite 1000 analyzer, Siemens, ABD). Total cholesterol, HDL, LDL, triglyceride, glucose, and h-CRP levels were determined with immunoassay kits (Abbott Architect c16000).
LDL cholesterol level was calculated using the Friedwald formula (LDL cholesterol = total cholesterol-[VLD + HDL]) (14) . The insulin resistance was estimated to be the HOMA score calculated with the formula: (fasting serum insulin (IU/mL) × fasting plasma glucose (mmol/L)/22.5).
Statistical analysis
The SPSS software (ver. 17.0; SPSS Inc., Chicago, IL) was used for statistical analyses. Data are presented as means ± SDs and raw numbers, unless otherwise stated. Comparisons between groups were performed with the independent sample t-test for parametric conditions. Correlation analysis was used and the Spearman correlation coefficient was calculated to detect any correlation between proinflammatory parameters and other variables. A p value <0.05 was considered statistically significant.
Results
In total, 85 patients were included in the study (PCOS group, n=59, and control group, n=25). Regarding proinflammatory markers, serum h CRP, homocysteine, and PCT levels did not differ between PCOS patients and control subjects. When the correlation analysis was evaluated, we detected a significant correlation between PCT levels and HOMA-IR, BMI, and insulin levels (p <0.05). There was a significant correlation between WBC levels and insulin, BMI, HOMA-IR, and triglyceride levels (p <0.05). There was a significant negative correlation between HDL levels and BMI, insulin, HOMA-IR, triglycerides, and total cholesterol levels (p <0.05). There was no correlation between homocysteine levels, CRP levels, and other variables. 
Polycystic ovary syndrome and control groups

Overweight and normal-weight group in polycystic ovary syndrome patients
The PCOS group patients were split according to BMI and grouped as overweight (BMI ≥25 kg/m 2 ) and normal-weight (BMI <25 kg/m 2 ) patients. When a subgroup analysis was performed in the PCOS group, there were no significant differences between overweight and normal-weight PCOS patients in terms of proinflammatory markers (serum WBC, h CRP, homocysteine, PCT levels). However, total cholesterol, LDL, and triglycerides were significantly higher in overweight PCOS patients (Figure 1) . Fasting insulin and HOMA-IR were also significantly higher in overweight PCOS patients (p< 0.05; Figure 2 ).
Discussion
Although PCOS has been associated with cardiovascular risk factors, including obesity, hypertension, dyslipidemia, and impaired glucose tolerance, the exact cardiovascular risk has not been clearly identified (15) . Because of the wide range of symptoms in this disease, it has patients with different clinical findings. Thus, not all of the metabolic features may accompany the disease process and some subgroups may not be at risk for cardiovascular disease. Cardiovascular risk biomarkers may be helpful in clinically diagnosing those PCOS patients who have cardiovascular risk or disease.
Elevated plasma Hcy is considered a risk factor for cardiovascular disease. Many studies have focused on the association between plasma Hcy levels and PCOS, and some have reported higher levels of Hcy in PCOS patients than controls (16) (17) (18) . In PCOS patients, there is a correlation between plasma levels of Hcy and androgen (19) . Maleedhu et al. reported increased Hcy levels in obese women with PCOS (20) . In contrast, Kilic-Okman et al. found that insulin resistance, dyslipidemia, and BMI did not correlate with serum Hcy levels in PCOS patients (21) . In our study, we found no significant increase in Hcy levels in PCOS patients compared to the control group. We also found no significant difference in Hcy levels between overweight and normal-weight patients. Some connections have been made between hyperhomocysteinemia and elevated risk for cardiovascular events; however, the role of plasma Hcy in cardiovascular disease remains unclear. However, it is known that plasma Hcy increases with aging and is associated with other health-related conditions (22); thus, our findings may be related to the relatively young age of our study population.
In terms of the lipid profile, our findings in PCOS patients were similar to those of Fulghesu et al., who reported no increase in the profile (23) . In our study, both overweight women and PCOS patients had significantly lower levels of HDL cholesterol. We also found that BMI was strongly correlated with a 'worse' lipid profile. Our results demonstrated significant elevations in parameters reflecting hyperandrogenism (higher serum levels of total testosterone, free testosterone) in PCOS patients, whereas SHBG levels were lower in women with PCOS than in the controls. We also found significant increases in serum levels of glucose, insulin, and HOMA-IR scores in overweight PCOS patients than normalweight PCOS patients showing the importance of BMI in PCOS patients.
Low-grade chronic inflammation, reflected by elevated serum levels of CRP, has been closely linked to insulin resistance, central obesity, and a higher risk of cardiovascular complications in PCOS patients. Many studies have focused on proinflammatory markers including serum PCT, CRP, WBC, and neutrophil counts, in PCOS patients. Although Sumitran et al. found that CRP levels were higher in PCOS patients than controls, Pedroso et al. reported no significant increases in CRP levels in PCOS patients (24, 25) . We also detected no difference in CRP levels between PCOS patients and controls.
Procalcitonin is widely used as a biomarker in bacterial infection and sepsis. It may be useful with regard to the inflammatory theory of PCOS (26) . Generally, in humans and animal models, PCT levels correlate with the severity of a condition and remain elevated for the duration of the inflammatory process (27) . Indeed, high PCT levels tend to last as long as the inflammatory process and appear to correlate with the outcome of the illness (28) . There are reports of elevated PCT in the presence of sepsis, respiratory tract infections, and other 'traditional' infectious diseases. Elevated PCT levels have been reported in patients with cirrhosis, pancreatitis, mesenteric infarction, cardiogenic shock, and hypotension during surgery (29) . Puder et al. found elevated CRP, WBC, and PCT levels in women with PCOS; however, we did not find increased levels in PCOS patients compared to the controls (26) . Thus, our results in PCOS patients differ from those reported by Puder et al., Rashad et al. and Repaci et al (26, 30, 31) . The mean age of PCOS patients in our study was younger than that of patients in the studies by Puder et al. and Repaci et al (26, 30) . With advancing age, a slight increase in CRP and cytokines was detected (32) . The increase in serum levels of proinflammatory cytokines and CRP could also be the result of the decline in kidney function that is observed with increasing age (33) . It is also proposed that higher inflammatory marker levels are related to an increased volume of adipose tissue, declining sex hormones, and increasing oxidative stress (34) .
It remains unclear why some PCOS patients have cardiovascular risk factors and others do not. The heterogeneous population with this disease may be a factor. Thus, obesity, metabolic syndrome, and insulin resistance are not criteria used to define the disease. Some study population subgroups, including patients with central obesity and insulin resistance, may have cardiovascular disease risk factors; other subgroups, including normal weight and normoinsulinemic patients, may not. This merits further investigation. Moreover, disease procession may affect metabolic features over the long term of this chronic condition, which may be important in older women. Environmental conditions and lifestyle are other important factors in cardiovascular disease process. Thus, population differences should also be taken into account, due to regional differences in cytokine levels, genotypes, and polymorphism (35) . In addition, diet is believed to have a major influence on inflammatory signaling. This could regulate metabolic pathways and bioenergetics in a way that could be translated into a stable epigenetic pattern of gene expression (36) . Our study population was from Black Sea region of Turkey, which may be a factor in terms of dietary habits and metabolic features of the disease.
Although we found no significant difference in PCT levels between the PCOS and control groups, there was a positive correlation among PCT levels, BMI, and HOMA-IR and a negative correlation with HDL levels. These findings suggest a relationship between features of metabolic syndrome and proinflammatory markers, which should be clarified. In our study, the PCOS and control groups were equally obese. This may a reason for the similar results. However, when we performed a subgroup analysis in the PCOS group according to BMI, we also found no significant difference in proinflammatory markers between overweight and normal-weight PCOS patients. A limitation of our study is the relatively small sample size. Subgroup analysis including larger populations may be helpful in better evaluating cardiovascular risk factors in PCOS and drawing more definitive conclusions on the matter.
In conclusion, we detected no difference in CRP, WBC, PCT, or Hcy levels between PCOS patients and controls. Many factors (e.g., diet, renal function, age, population differences, severity, and duration of inflammation) may influence serum levels of these proinflammatory markers. Because the clinical features of PCOS patients are very heterogeneous, larger, longer-term studies are needed to determine the reasons for reported differences and to draw definitive conclusions on the subject.
